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1. Introduction

In 3GPP Handover and SRNS Relocation workshop held in Sophia Antipolis 23rd August 1999 it was agreed that both lossless and lossy relocation options shall be supported in release 99 of UMTS. This contribution presents the additions that are required for RLC protocol [1] due to this decision. RAN WG3 has decided that UL and DL RLC-PDU sequence numbers shall be exchanged over the air interface after the SRNS relocation (See [2]).

In chapter 2 different scenarios of SRNS relocation are presented. In chapter 3 changes to TS 25.322 are proposed. It is proposed that two kinds of reset procedures are defined, a full reset (already defined) for recovering from an error situation and a new partial reset to be used in SRNS relocation.

2. DISCUSSION

When target RNC starts operating as Serving RNC the Acknowledged mode RLCs should be reset in such a way that upper layer data will not be duplicated due to relocation.

· In RLC reset the UE should be able to indicate to the target RNC the sequence number of the DL RLC-PU from which the RLC reset is made. Target RNC should make the reset from the same sequence number.

· In RLC reset the target RNC should be able to indicate to the UE the sequence number of the UL RLC-PU from which the RLC reset is made in UE. UE should make the reset from the same sequence number.

· This resetting mechanism should operate also in subsequent relocations (RLC resets) and if RLC reset messages get lost.

It should be noted here that a lossless relocation can only be guaranteed if RLC is using in-sequence delivery mode.

2.1 General principle
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1. UE and HO source are communicating with each other by utilising some sequence numbering of Uu/Um (Um = GPRS air interface) interface PDUs (UMTS:RLC, GPRS: SNDCP). 

· In this process during normal communication

· the UE tells the NW about the last DL sequence number it has received 

· the NW tells the UE about the last UL sequence number it has received

(In UMTS this is realised by RLC acknowledging and in GPRS by LLC acknowledging) 

2. When Relocation is triggered HO source tells Uu/Um sequence number information to the handover target
This information is: 

· Sequence Number of the DL GTP-PDU which is next to be forwarded to UE

· Sequence Number of the UL GTP-PDU which is next to be forwarded to GGSN (or backbone) 

· Last acknowledgement status of Uu/Um interface 

· In UMTS: 

· Seq.nr of the UL RLC-PDU which carried the last segment UL RLC-SDU which was already sent to GGSN (or backbone) 

· Seq.nr of the DL RLC PDU which carried the last segment of DL RLC-SDU in the row of completely acknowledged RLC-SDUs to the UE

· In GPRS: 

· Seq.nr of the UL N-PDU which was already sent to GGSN (or backbone) 

· Seq.nr of the DL N-PDU in the row of completely acknowledged N-SDUs to the UE

3. Target Nw tells the last correctly received UL Uu/Um sequence number to UE. Based on this information UE knows from which point of the UL data queue it has to initiate the UL transmision after the handover. In UMTS this sequence number is UL RLC-Sequence number (from target RNC), in GPRS this information is SNDCP UL N-PDU sequence number (from target SGSN). 


4. UE tells the last correctly received DL Uu/Um sequence number to target Nw. Based on this information Nw knows from which point of the DL data queue it has to initiate the DL transmision after the handover. In UMTS this sequence number is DL RLC-Sequence number, in GPRS this information is SNDCP DL N-PDU sequence number. 

2.2 UMTS to UMTS HO

1. UE is communicating with source RNC with help of RLC protocol. 


When Relocation is to be executed:

2. Source RNC stops the Uu interface transmission for the lossless RBs. (Lossless radio bearers shall use in-sequence delivery mode.) Source RNC sends RNSAP: Relocation Commit message to target RNC over the Iur interface. This message includes:

For each RAB subject for data forwarding:

· Next DL GTP-PDU seq. number to be sent to UE

· Next UL GTP-PDU seq. number to be tunneled to target SGSN

· RLC-sequence number of the DL RLC-PU which carried the last segment of the last DL RLC-SDU in a row of successfully transmitted RLC-SDUs

· RLC-sequence number of the UL RLC-PU which carried the last segment of the GTP-PDU which was already sent to GGSN

Source RNC starts to forward the unsent GTP-PDUs from source RNC to target RNC. For each forwarded GTP-PDU the RLC-sequence number of the last RLC-PU used to transmit this RLC-SDU over the air is included. If the RLC-SDU was not yet at all transmitted over the air no RLC number is included.

3. Target RNC indicates the UL RLC-PU sequence number to UE from which the UE should begin data transmission after the Relocation. It is proposed that the UL RLC-PU sequence number is transmitted to the UE RLC by PARTIAL RESET message. UE PDCP removes all RLC-SDUs on its buffer that have lower or equal RLC-PU sequence number (these RLC sequence numbers can be told during relocation to PDCP). After that RLC clears all buffers and PDCP retransmits all RLC-SDUs from its buffer. UE shall resegment all RLC-SDUs that were segmented to RLC-PUs having higher sequence number than the indicated one. This new segmentation shall be done according to the instructions of target RNC.

4. UE indicates the DL RLC-PU sequence number to target RNC from which the RNC should begin data transmission after the Relocation. It is proposed that the DL RLC-PU sequence number is transmitted to the RLC in target RNC by PARTIAL RESET ACK message. RLC informs this DL RLC-PU sequence number to PDCP directly or via RRC after partial reset. PDCP in target RNC shall discard every forwarded GTP-PDU carrying RLC-PU sequence number lower or equal compared to the indicated one.

It is proposed that after the RLC partial reset procedure the data transmission continues without resetting the RLC-sequence numbers VT(S) and VR(R). If the numbers are reset,  then problems if PARTIAL RESET or PARTIAL RESET ACK message gets lost will occur because the receiver of a repeated PARTIAL RESET message doesn't know whether this is a retransmission of a previous reset or a new reset that just happened to happen quite soon after the previous one. (Consider e.g. the case when the RLC-sequence numbers exchanged in reset are close to 0).
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Figure 1: Uplink data transmission with SRNS relocation
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Figure 2: Downlink data transmission with SRNS relocation

2.3 GPRS to UMTS HO

1. UE is communicating with source SGSN with help of e.g. SNDCP protocol. 


When UE sends Routing Area Update to UMTS and the target SGSN accesses source SGSN upon reception of the RAU from UE.

2. Source SGSN stops the Um interface transmission. Source SGSN sends SGSN CONTEXT RESPONSE to target SGSN. 

This message includes:

For each RAB:

· Next DL GTP-PDU seq. number to be sent to UE

· Next UL GTP-PDU seq. number to be tunneled to target SGSN

· DL N-PDU sequence number which was the last successfully sent to UE

· UL N-PDU sequence number which was the last successfully received from UE (and already sent to GGSN)

After reception of SGSN Context Acknowledge source SGSN starts to forward the unsent GTP-PDUs from source SGSN to target SGSN. For each forwarded GTP-PDU the sequence number of the corresponding N-PDU is piggybacked. If the N-SDU was not yet at all transmitted over the air no number is included. Target SGSN converts the UL and DL N-PDU sequence numbers (8 bits) to RLC sequence numbers (12 bits) by adding the four most significant bits coded all 0. (See a related CR [3]).

3. Target SGSN requests the SRNS to establish a radio access bearer by sending RAB Assignment Request to the SRNS. The SRNS sends Radio Bearer Setup Request to the UE. This message includes the last received UL N-PDU sequence number. UE shall delete everything that was sent with N-PDUs having lower or equal sequence number compared to the indicated one. Data transmission shall begin from the indicated (+1) sequence number.

4. UE responds with Radio Bearer Setup Complete which includes the last received DL N-PDU sequence number. The SRNS responds with RAB Assignment Response. Target SGSN shall discard all GTP-PDUs carrying lower or equal sequence number than the indicated one. Data transmission shall begin from the indicated (+1) sequence number.

2.4 UMTS to GPRS HO

1. UE is communicating with source RNC with help of RLC protocol. 


When UE has accessed target SGSN by Routing Area Update and target SGSN has contacted source SGSN. Source SGSN sends SRNS CONTEXT REQUEST message to source RNC.

2. Source RNC stops the Uu interface transmission for the RBs. Source RNC sends SRNS CONTEXT RESPONSE message to source SGSN over the Iu interface. This message includes:

For each RAB subject for data forwarding:

· Next DL GTP-PDU seq. number to be sent to UE

· Next UL GTP-PDU seq. number to be tunneled to target SGSN

· RLC-sequence number of the DL RLC-PU which carried the last segment of the last DL RLC-SDU in a row of successfully transmitted RLC-SDUs

· RLC-sequence number of the UL RLC-PU which carried the last segment of the GTP-PDU which was already sent to GGSN

Source RNC starts to forward the unsent GTP-PDUs from source RNC to source SGSN. For each forwarded GTP-PDU the RLC-sequence number of the last RLC-PU used to transmit this RLC-SDU over the air is included. If the RLC-SDU was not yet at all transmitted over the air no RLC number is included.

Source SGSN sends the sequence number information to target SGSN. RLC sequence number is used instead of SNDCP seq number (size 8 bits), which would be used in normal GPRS-to-GPRS HO. The RLC-PU sequence number should be converted to the format of the SNDCP sequence number by including only the 8 least significant bits of the sequence number. (See a related CR [3]). When target SGSN receives this information it doesn’t have to know the origin of the sequence numbers. Source SGSN makes the same sequence number modification also to the forwarded user plane GTP-PDUs, in which the RLC Seq.number is piggypacked.


3. Target SGSN indicates the UL N-PDU sequence number (originally RLC-PU sequence number) to UE. The N-PDU sequence number is transmitted to the UE by MM protocol ROUTING AREA UPDATE ACCEPT message. UE shall delete everything that was sent with N-PDUs (RLC-PUs) having lower or equal UL sequence number compared to the indicated one. UE shall resegment all remaining data in the GSM stack.

4. UE indicates the DL N-PDU (originally RLC-PU) sequence number to target SGSN from which (+1) the data transmission shall begin after the Relocation. The N-PDU sequence number is transmitted by MM protocol message ROUTING AREA UPDATE COMPLETE. Target SGSN shall discard all GTP-PDUs carrying lower or equal N-PDU seq. number than the indicated one.

2.5 Examples of PU reconstruction after SRNS relocation
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3. Proposed changes in TS 25.322

In 8.1 Primitives between RLC and higher layers

The primitives between RLC and upper layers are shown in Table 0‑1. 

Table 0‑1 : Primitives between RLC and upper layers

Generic Name
Parameter


Req.
Ind.
Resp.
Conf.

RLC-AM-DATA
Data, CFN, MUI
Data
Not Defined
MUI

RLC-UM-DATA
Data, 
Data
Not Defined
Not Defined

RLC-TR-DATA
Data
Data
Not Defined
Not Defined

CRLC-CONFIG
E/R, Ciphering Elements (UM/AM only), RESET (AM only), SN (AM only)
Not Defined
Not Defined
Not Defined

CRLC-STATUS
Not Defined
EVC
Not Defined
Not Defined

Each Primitive is defined as follows:

 RLC-AM-DATA-Req/Ind/Conf

· RLC-AM-DATA-Req is used by higher layers to request transmission of a higher layer PDU in acknowledged mode.

· RLC-AM-DATA-Ind is used by RLC to deliver to higher layers RLC SDUs, that have been transmitted in acknowledged mode.

· RLC-AM-DATA-Conf is used by RLC to confirm to higher layers the transmission of a RLC SDU.

 RLC-UM-DATA-Req/Ind

· RLC-UM-DATA-Req is used by higher layers to request transmission of a higher layer PDU in unacknowledged mode.

· RLC-UM-DATA-Ind is used by RLC to deliver to higher layers RLC SDUs, that have been transmitted in unacknowledged mode.

 RLC-TR-DATA-Req/Ind

· RLC-TR-DATA-Req is used by higher layers to request transmission of a higher layer PDU in transparent mode.

· RLC-TR-DATA-Ind is used by RLC to deliver to higher layers RLC SDUs, that have been transmitted in transparent mode.

CRLC-CONFIG-Req

This primitive is used by RRC to establish, release or reconfigure the RLC. Ciphering elements are included for UM and AM operation.

CRLC-STATUS-Ind

It is used by the RLC to send status information to RRC.

Following parameters are used in the primitives:

1. The parameter Data is the RLC SDU that is mapped onto the Data field in RLC PDUs. The Data parameter may be divided over several RLC PDUs.In case of a RLC-AM-DATA or a RLC-UM-DATA primitive the length of the Data parameter shall be octet alligned.

2. The parameter Confirmation request (CNF) indicates whether the RLC needs to confirm the correct transmission of the RLC SDU.

3. The parameter Message Unit Identifier (MUI) is an identity of the RLC SDU, which is used to indicate which RLC SDU that is confirmed with the RLC-AM-DATA conf. primitive.

4. The parameter E/R indicates  whether RLC should enter or exit the data transfer ready state.

5. The parameter Event Code (EVC) indicates the reason for the CRLC-STATUS-ind (i.e unrecoverable errors such as data link layer loss or recoverable status events such as reset, etc.).

6. The parameter ciphering elements are only applicable for UM and AM operation.  These parameters are Ciphering Mode, Ciphering Key and Ciphering Sequence Number.

7. The parameter RESET is used only in AM operation. It is used by RRC to request resetting of RLC entity. The reset can be either FULL or PARTIAL.
8. The parameter SN is used only in AM operation when lossless SRNS relocation is required.  It is used by RRC (in target SRNC) to specify the sequence number of the received UL PU that carried the last segment of the SDU that was most recently delivered to a higher layer.
· In 9.1.2 Control PDUs

a) PARTIAL RESET 

The partial reset procedure is used in SRNS relocation to ensure lossless data transmission. The PARTIAL RESET PDU is used in acknowledged mode to reset all protocol states, protocol timers and some of the protocol variables of the peer RLC entity in order to synchronise the two peer entities. The protocol variables that shall not be reset are VT(S) and VR(R). Upon reception of PARTIAL RESET ACK VT(S) = VR(R) = SN(latest) and the transmission continues from PU with sequence number SN(latest). This PU shall be reconstructed at the transmitter so that this PU does not contain data from SDUs that were previously delivered to a higher layer.
b) PARTIAL RESET ACK

The PARTIAL RESET ACK PDU is an acknowledgement to the PARTIAL RESET PDU. Upon reception of PARTIAL RESET ACK the transmission shall continue from PU with sequence number SN(latest).

Table 0‑2: RLC PDU names and descriptions

 Data Transfer Mode
PDU name
Description

Transparent 
TrD
Transparent mode data

Unacknowledged 
UMD
Sequenced unacknowledged mode data

Acknowledged 
AMD
Sequenced acknowledged mode data


STATUS
Solicited or Unsolicited Status Report


Piggybacked STATUS
Piggybacked Solicited or Unsolicited Status Report


RESET
Reset Command


RESET ACK
Reset Acknowledgement


PARTIAL RESET
Partial Reset Command


PARTIAL RESET ACK
Partial Reset Acknowledgement

· In 9.2.1.6 Formats 

3.1.1 PARTIAL RESET, PARTIAL RESET ACK PDU
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Figure 0‑1. PARTIAL RESET,  PARTIAL RESET ACK PDU
· In 9.2.2.2 PDU Type

Length: 3 bit

The PDU type field indicates the Control PDU type

Bit
PDU Type

000
STATUS

001
RESET

010
RESET ACK

011
PARTIAL RESET

100
PARTIAL RESET ACK

· In 9.2.2 Parameters

SN(latest) 

Length 12 bits

This parameter indicates the SN of the received PU that carried the last segment of the SDU that was most recently delivered to a higher layer. The receiving RLC shall send SN(latest) to the transmitting RLC. 
After SRNS relocation data transmission shall continue from the PU with SN(latest). This PU shall be reconstructed at the transmitter so that this PU does not contain data from SDUs that were previously delivered to a higher layer.
In 9.3.3.2 Acknowledged Data Transfer Ready State

In the acknowledged data transfer ready state, acknowledged mode data can be exchanged between the entities. Upon reception of a CRLC-CONFIG-Req from higher layer the RLC entity is terminated and the null state is entered.

Upon errors in the protocol, the RLC entity sends a RESET PDU to its peer and enters the reset pending state.
Upon reception of a CRLC-CONFIG-Req with PARTIAL RESET parameter, the RLC entity shall send a PARTIAL RESET PDU to its peer entity and enter the reset pending state.
Upon reception of a RESET PDU, the RLC entity resets the protocol and responds to the peer entity with a RESET ACK PDU.
Upon reception of a PARTIAL RESET PDU, the RLC entity shall perform the partial reset procedure and respond to the peer entity with a PARTIAL RESET ACK PDU.

Upon reception of a RESET ACK PDU or PARTIAL RESET ACK PDU, the RLC takes no action.

In 9.3.3.3 Reset Pending State

In the reset pending state the entity waits for a response from its peer entity and no data can be exchanged between the entities. Upon reception of CRLC-CONFIG-Req from higher layer the RLC entity is terminated and the null state is entered.

Upon reception of a RESET ACK PDU or a PARTIAL RESET PDU, the RLC entity shall perform the reset procedure (full or partial) and enter the acknowledged data transfer ready state.

Upon reception of a RESET PDU or a PARTIAL RESET PDU, the RLC entity shall perform the reset procedure (full or partial) , send a RESET ACK PDU or a PARTIAL RESET ACK PDU and enter the acknowledged data tranfer ready state.
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Figure 0‑2. The state model for the acknoledged mode entities.
In 9.4 State variables

a) VT(PRST) – Partial Reset state variable

It is used to count the number of times a PARTIAL RESET PDU is transmitted. VT(PRST) is incremented with 1 each time a PARTIAL RESET PDU is transmitted. VT(PRST) is reset upon the reception of a PARTIAL RESET ACK PDU. The initial value of this variable is 0.
In 9.5 Timers
a) Timer_PRST

It is used to detect the loss of PARTIAL RESET ACK PDU from the peer RLC entity. This timer is set when the PARTIAL RESET PDU is transmitted and it shall be stopped upon reception of PARTIAL RESET ACK PDU. If this timer expires, PARTIAL RESET PDU shall be retransmitted.
In 9.6 Protocol Parameters
MaxPRST

It is the maximum value for the number of retransmission of PARTIAL RESET PDU. This parameter is an upper limit of counter VT(PRST). When the value of VT(PRST) comes to MaxPRST, the higher layer (RRC) shall be notified.
· New chapter in 11 Partial reset procedure

3.1.2 Purpose

The partial reset procedure is used to partially reset two RLC peer entities, which are operating in acknowledged mode. After the partial reset procedure VT(S)=VR(R)=SN(latest). Data transmission shall continue from the PU with SN(latest). Figure 0‑3 below illustrates the elementary procedure for a partial reset. 
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Figure 0‑3. Partial reset procedure.

3.1.3 Initiation

The procedure shall be initiated when RRC requests it by CRLC-CONFIG-Req with PARTIAL RESET parameter.

The sender sends the PARTIAL RESET PDU when it is in data transfer ready state and enters reset pending state. The sender shall start the timer Timer_PRST and increase VT(PRST) with 1. The PARTIAL RESET PDU shall be transmitted on the DCCH logical channel if the sender is located in the control plane and on the DTCH if it is located in the user plane.

The PARTIAL RESET PDU has higher priority than data PDUs.
3.1.3.1 PARTIAL RESET PDU contents to set

The size of the PARTIAL RESET PDU shall be equal to one of the allowed PDU sizes. SN(latest) field shall be included in the PARTIAL RESET PDU. SN(latest) contains the sequence number of the received UL PU that carried the last segment of the SDU that was most recently delivered to a higher layer.

3.1.4 Reception of the PARTIAL RESET PDU by UE

Upon reception of a PARTIAL RESET PDU the receiver shall respond with a PARTIAL RESET ACK PDU.

The PARTIAL RESET ACK PDU shall be transmitted on the DCCH logical channel if the sender is located in the control plane and on the DTCH if it is located in the user plane.

The PARTIAL RESET ACK PDU has higher priority than data PDUs.

3.1.4.1 PARTIAL RESET ACK PDU contents to set

The size of the PARTIAL RESET ACK PDU shall be equal to one of the allowed PDU sizes. SN(latest) field shall be included in the PARTIAL RESET ACK PDU. SN(latest) contains the sequence number of the received DL PU that carried the last segment of the SDU that was most recently delivered to a higher layer. 
3.1.5 Reception of the PARTIAL RESET ACK PDU by the sender

Upon reception of a PARTIAL RESET ACK the Timer_PRST shall be stopped and VT(PRST) shall be reset. The sender shall enter data transfer ready state.

3.1.6 Abnormal cases

3.1.6.1 Timer_PRST timeout

Upon expiry of Timer_PRST the sender shall retransmit the PARTIAL RESET PDU and increase VT(PRST) with 1.

3.1.6.2 VT(PRST) ( MaxPRST
If VT(PRST) becomes larger or equal to MaxPRST the RRC layer shall be informed.
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